We have made a survey of heavy-to-heavy and heavy-to-light nonleptonic heavy baryon two-body decays and have identified those decays that proceed solely via W -boson emission, i.e. via the factorizing contribution. Some sample decays are Ω
I Introduction
In the present paper we focus on the study of nonleptonic W -emission two-body decays of single heavy baryons
where M stands for a pseudoscalar meson P or a vector meson V . One of the quarks in the initial baryon is heavy. A necessary condition for the contribution of the factorizing class of decays is that a light quark pair q i q j = q ′ i q ′ j is shared by the parent and daughter baryon B 1 and B 2 , respectively. A sufficient condition for the factorizing class of decays is that i) q m is not among q 1 , q 2 , q 3 and ii) qm is not among q
Our investigation is limited to the decays of the lowest lying ground states. The higher lying ground-state bottom and charm baryons such as the spin 3/2 partners decay strongly or electromagnetically. For these the weak decays do occur but have tiny branching ratios and are therefore not so interesting from an experimental point of view. In this work we therefore concentrate on the weak nonleptonic decays of the lowest lying spin 1/2 ground state bottom baryons Λ Based on the necessary and sufficient conditions formulated above we have made a search for heavy-to-heavy and heavy-to-light nonleptonic heavy baryon decays that are solely contributed to by the W -emission or factorization contributions (called tree (T) graph contribution in [1] ). We have identified a number of decays in this class. Some of these decays have been seen or are expected to be seen in the near future, or upper bounds have been established for them. Although some of these factorizing decays are singly or doubly CKM suppressed the huge data sample available at the LHC on heavy baryon decays will hopefully lead to the detection of the remaining decay modes in the near future.
Nonleptonic baryon and meson decays are interesting from the point of view that they provide a testing ground for our understanding of QCD. They involve an interplay of short-distance effects from the operator product expansion of the current-current Hamiltonian and long-distance effects from the evaluation of current-induced transition matrix elements. On the phenomenological side one can investigate the role of 1/N c color loop suppression effects. The analysis of nonleptonic two-body heavy baryon decays can also contribute to the determination of CKM matrix elements if the theoretical input can be brought under control.
An analysis of factorizing decays provides important information on the value of the heavy-to-heavy and heavy-tolight form factors B 2 |J µ |B 1 at one particular q 2 -value corresponding to the mass of the final state meson. A small final-state meson mass implies that the form factors are probed close to the maximum recoil end of the q 2 -spectrum where one has reliable predictions from light cone sum rules. The decay constants describing the mesonic part of the transition M |J µ |0 are either experimentally available from weak or electromagnetic decays of the mesons, or are constrained from further theoretical model analysis, lattice calculations or QCD sum rule analysis.
In this paper we present a detailed analysis of the nonleptonic W -emission or factorizing heavy baryon decays in the framework of our covariant confined quark model (CCQM) proposed and developed in Refs. [2] - [20] . The CCQM model is quite flexible in as much as it allows one to study mesons, baryons and even exotic states such as tetraquark states as bound states of their constituent quarks. In this approach particle transitions are calculated through Feynman diagrams involving quark loops. In the present application the current-induced baryon transitions B 1 → B 2 are described by a two-loop diagram which requires a genuine two-loop calculation. The vacuum-to-meson transition involves a one-loop calculation. The high energy behavior of quark loops is tempered by nonlocal Gaussiantype vertex functions with a Gaussian-type fall-off behavior characterized by a size parameter specific to the meson and baryon in question. The nonlocal hadron-quark vertices have an interpolating current structure. In a recent refinement of our model we have incorporated quark confinement in an effective way [21] - [26] . Quark confinement is introduced at the level of Feynman diagrams and is based on an infrared regularization of the relevant quark-loop diagrams. In this way quark thresholds corresponding to free quark poles in the Green functions are removed (see details in Refs. [21] - [26] ). W -emission contributions to some of the decays treated in this paper have been discussed before in [27] [28] [29] .
The paper is structured as follows. In Sec. II we provide a list of nonleptonic heavy baryon decays that proceed solely by W -emission. We classify the decays according to their CKM and color structure. In Sec. III we discuss the parameters of the effective weak Lagrangians that induce the current-induced transitions used in this paper. In Sec. IV we define the matrix elements for the nonleptonic decays 1/2
and relate the helicity amplitudes to the invariant amplitudes of these decay processes. In this way we obtain very compact expressions for the total rates. In Sec. V we discuss the structure of the interpolating currents that describe the interactions of light and heavy baryons with their constituent quarks. In Sec. VI we briefly describe the features of the CCQM model and present the values of the model parameters such as the constituent quark masses that have been determined by a global fit to a multitude of decay processes. In Sec. VII we present our numerical results on the partial branching fractions of the various nonleptonic baryon decays and compare them to experimental results when they are available. We also discuss angular decay distributions for the most interesting cascade decay processes and present numerical results on the spin density matrix elements that describe the angular decay distributions. Finally, in Sec. VIII, we summarize our results.
II Classification of factorizing decays
In this section we list all nonleptonic two-body decays of the lowest lying spin-1/2 ground state heavy bottom and charm baryon decays Λ b,c , Ξ b,c , Ω b,c where W-emission solely contributes. We exclude the higher-lying ground-state baryons which decay either strongly or electromagnetically.
The quark content of the baryon and meson states participating in the nonleptonic two-body decays is given by
One can formulate necessary and sufficient conditions for the decays which solely proceed via the W -emission graph. These read necessary condition :
We have made a survey of two-body nonleptonic bottom and charm baryon decays that proceed only by W -emission. The results of this search are given as follows.
Charm baryon decays:
We denote singly Cabibbo suppressed decays by one cross (X) and doubly Cabibbo suppressed decays by two crosses (XX). There are a number of decays which are also admitted by a W -exchange contribution which are, however, dynamically suppressed due to the Körner-Pati-Woo theorem [30, 31] . These decays are marked by an asterix ( * ). The notation (uū) refers to the (uū) flavor component of the respective neutral mesons in the decay.
III Effective Nonleptonic Weak Lagrangians
In this section we list the effective nonleptonic weak Lagrangians, which will be used for the calculation of heavy baryon decays in present paper. Here and in the following V q1q2 are Cabibbo-Kabayashi-Maskawa (CKM) matrix elements. In our manuscript we use the following set of CKM matrix elements:
We are dealing with the quark level transitions 
where Q i andQ i is the set of flavor-changing effective four-quark b → cūd(s) and b → ucd(s) operators
, C i is the set of Wilson coefficients [32] [33] [34] :
The quark-level matrix elements contributing to the bottom-charm baryon and bottom-up baryon transitions are given by
and
where
2. b → ccs and b → scc transitions (CKM favored):
where the Q i are the set of effective four-quark flavor-changing b → s operators
The respective Willson coefficients are [33] :
The quark-level matrix elements contributing to the bottom-charm baryon and bottom-strange baryon transitions are given by
3. c → squ transition with q = d, s (CKM favored: c → sdu, CKM suppressed: c → ssu):
Q i is the set of flavor-changing effective four-quark c → s operators
The quark-level matrix elements contributing to the charm-to-nonstrange (e.g., Λ c → pφ) and charm-to-strange baryon decay (e.g., Λ c → Λπ + ) are given by
with
4. b → uūq transition (CKM singly suppressed: b → uūd, doubly suppressed: b → uūs):
Q i is the set of flavor-changing effective four-quark b → u operators
The quark-level matrix elements contributing to the Λ b → pπ − and Λ b → pK − are given by
The color factor ξ = 1/N c will be set to zero in all matrix elements, i.e. we keep only the leading term in the 1/N c − expansion.
IV Matrix elements, helicity amplitudes and rate expressions
The matrix element of the exclusive decay
where M = V, P stands for the vector and pseudoscalar mesons. M M and f M are the respective masses M V , M P and leptonic decay constants
, viz.
• Transition
where , where λ M = t, ±1, 0 and λ 2 = ±1/2, ±3/2 are the helicity components of the meson M (M = P, V ) and the baryon B 2 , respectively. We need to calculate the expressions
where we split the helicity amplitudes into their vector and axial parts. For the color enhanced decaysq 2 O µ q 1 represents a charged current transition whileq 2 O µ q 1 describes a neutral current transition for the color suppressed decays. We shall work in the rest frame of the baryon B 1 with the baryon B 2 moving in the positive z-direction:
The helicities of the three particles are related by
We use the notation λ P = λ t = 0 for the scalar (J = 0) contribution to set the helicity label apart from λ V = 0 used for the longitudinal component of the J = 1 vector meson. One has
We use the abbreviations
For the decay width one finds
where we denote the sum of the squared moduli of the helicity amplitudes by
We have chosen to label the sum of the squared moduli of the helicity amplitudes by the subscript N since H N is the common divisor needed for the normalization of the spin density matrix elements to be discussed in Sec. VII. The sum over the helicities of the daughter baryon runs over λ 2 = ±1/2 and λ 2 = ±1/2, ±3/2 for the (1/2 + → 1/2 + ) and (1/2 + → 3/2 + ) transitions, respectively. For the vector meson case M = V one sums over λ V = 0, ±1 and for the pseudoscalar meson case M = P one has the single value λ P = 0. Angular momentum conservation dictates the constraint |λ 2 − λ M | ≤ 1/2.
V Interpolating three-quark currents of baryons and quantum numbers
We use the following generic notation for the baryonic interpolating currents:
2. Spin-parity J P = 3 2 + :
where Γ 1 and Γ 2 are Dirac strings; a i and m i are color and flavor indices, respectively. The interpolating currents and quantum numbers of the baryons needed in this paper are summarized in Table I . As indicated in the first entry of Table I we use a superposition of two possible currents (vector and tensor) for the proton as motivated by nucleon phenomenology.
The Lagrangian describing the coupling of a baryon with its constituent quarks is constructed using a nonlocal extension of the interpolating currents in Eqs. (35) and (36) (see details in Refs. [2] - [13] , [8, 26, 35] ). In particular, the interaction Lagrangian for the 1 2 + baryon B(q 1 q 2 q 3 ) composed of constituent quarks q 1 , q 2 , and q 3 is written as
We treat each of the three constituent quarks as separate dynamic entities, i.e. we do not use the quark-diquark approximation for baryons as done in many applications. The propagators S q (k) = 1/(m q − k) for quarks of all flavors q = u, d, s, c, b are taken in the form of free fermion propagators. The constituent quark masses m q were fixed in a previous analysis of a multitude of hadronic processes (see, e.g., Refs. [8, 11] ). By analogy we treat mesons as bound states of constituent quarks, i.e. we construct respective nonlocal Lagrangians for the mesons interacting with their constituent quarks (see details in Refs. [21] - [24] ). The compositeness condition of Salam and Weinberg [14] gives a constraint equation between the coupling factors g B and the size parameters Λ B characterizing the nonlocal distribution F B (x; x 1 , x 2 , x 3 ). The constraint equation follows from the calculation of the mass operators for mesons ( Fig. 1) and baryons ( Fig. 2) , As size parameters we use values (see discussion below) for the nucleon, light hyperons, single charm and single heavy baryons, respectively. 
VI Model Parameters
Our covariant constituent quark model (CCQM) [21] - [26] contains a number of model parameters which have been determined by a global fit to a multitude of decay processes. The best fit values for the constituent quark masses and the infrared cutoff parameter are given by An important input to the global fit are the mesonic decay constants. Our global fit results in values for the mesonic decay constants which are quite close to the experimental decay constants [36] , results of lattice QCD calculations [37, 45] and of nonrelativistic QCD [38] (see Table II ).
VII Numerical results
Using the numerical values for the model parameters listed in Sec. VI we present our predictions for the branching ratios, helicity amplitudes, and asymmetry parameters of the nonleptonic decays of single heavy baryons in Tables III-XIII. All nonleptonic decays are described by the generic factorizable diagram shown in Fig. 3 . In our estimate for the branching ratio Br(Λ b → ΛJ/ψ) = (8.3 ± 1.1) × 10 −4 we used the fragmentation fraction of b quark into Λ baryon of f Λ b = 7% from [39] . 
Mode
Our results Data 
Note in future we plan to improve our predictions for some nonleptonic modes of heavy baryons which are also contributed by the nonfactorizable diagrams. In Ref. [35] we showed that for heavy-to-light transitions the total contribution of the nonfactorizing diagrams amount up to approximately 60% of the factorizing contributions in amplitude, and up to approximately 30% for b → c transitions.
The CKM favored decay Ξ − b → Ξ − J/ψ was first seen by the CDF [40, 41] and the D0 collaborations [42] in the chain of decays Ξ determination of the mass and the lifetime of the Ξ − b . PDG 2018 quotes a mass value of 5794.5 ± 1.4 MeV as a weighted average from the two experiments [36] . In a later experiment the LHCb Collaboration collected much higher statistics on the same decay chain [43] . The lifetime of the Ξ [44] . 
can be adapted from [8] where now one has to use the asymmetry parameter α Ξ = −0.458 ± 0.012 for the decay Ξ − → Λ π − [36] . As in Ref. [8] we introduce the following combinations of helicity amplitudes
Note that one can express the longitudinal polarization of the daughter baryon in terms of the linear combinations r 1 and α b in (42), i.e. one has P z (B 2 ) = 2r 1 − α b = H LP + H P . The magnitude of the transverse polarization P x (B 2 ) determines the size of the azimuthal correlations between the baryon-side and lepton-side decay plains.
Instead of listing the full angular decay distribution including azimuthal terms we shall only list the two-fold polar angle decay distribution given by
α B2 denotes the asymmetry factor in the decay B 2 → B 3 + P , a quantity mostly available from experiment. One can reexpress the two angular parameters (1 − 3r 0 ) and (α b + r 1 ) in (45) through the components H I by writing
Note that we have kept the overall lepton velocity factor v = 1 − 4m 2 ℓ /q 2 in (45) which results from the momentum factor in the decay formula for V → ℓ + ℓ − . The trigonometric function (3 cos 2 θ ℓ −1) appearing in Eq. (45) integrates to zero upon cos 2 θ ℓ integration. In the literature one frequently finds (3 cos 2 θ ℓ − 1) written in terms of the Legendre polynomial P 2 (cos θ ℓ ) of second degree. We define partial helicity widths in terms of the following bilinear helicity expressions
The total B 1 → B 2 V decay width is given by
We shall also be interested in the cascade decays
The two-fold polar angle distribution can be calculated to be
Moduli squared of normalized helicity amplitudes and asymmetry parameters for the cascade decay Table IX . Next we turn to the decay Λ b → ΛJ/ψ. The angular decay distribution of the cascade chain Λ b → Λ(→ p π − ) + J/ψ(→ ℓ + ℓ − ) including even polarization effects of the parent baryon Λ b has been discussed in detail in [15, 16, 26] . A new insight has been gained concerning the accessibility of the polarization of the produced parent baryon Λ b [47] . In a symmetric collider such as the pp-collider where the sample of Λ b 's are produced over a symmetric interval of pseudorapidity the polarization of the Λ b must average to zero. In order to access the polarization of the Λ b one must e.g. divide the pseudorapidity interval into two forward and backward hemispheres which has not been done in the LHCb [46] and ATLAS [47] experiments. We shall therefore no longer discuss the polarization dependent terms in the angular decay distribution. Such a measurement has to wait for a future analysis. We list some numerical results of our previous analysis on the decay Λ b → ΛJ/ψ in Table X . Table X shows that the longitudinal polarization of the daughter baryon Λ is almost 100 % and negative. In fact, one finds P z (Λ) = H LP + H P = −0.995. This leaves very little room for the transverse polarization P x (Λ) since P 2 z (Λ) + P 2 x (Λ) = 1. We set the T -odd polarization component P x (Λ) to zero since the helicity amplitudes are nearly real in our analysis. From the numbers in Table X and using the definition (44) one finds P x (Λ) = 0.095. A small transverse polarization P x (Λ) in turn implies small azimuthal correlations between the two plains defined by (p, π − ) and (ℓ + , ℓ − ) as was found in [8] and which has been confirmed by the azimuthal measurement in [47] .
For the asymmetry parameter α b we obtained the small negative value α b ≃ −0.07 [26] . The value of α b determines the analyzing power of the cascade decay
to measure the polarization of the parent baryon Λ b . A small value of α b implies a poor analyzing power of such an experiment. Our calculated value for the asymmetry parameter α b = −0.07 agrees within one standard deviation with the slightly revised value of the asymmetry parameter α b = 0.05 ± 0.17 ± 0.07 reported in [46] . A new measurement on α b was reported by the ATLAS collaboration [47] . Our result is more than two standard deviations away from their reported value of α b = 0.30 ± 0.16 ± 0.06. We mention that most of the theoretical model calculations predict small negative values for α b ranging from (-0.09) to (-0.21) (see Table VI in [8] ) except the calculation of [48, 49] who quote a value of α b = 0.777. We believe the calculation of [48, 49] to be erroneous. The relation between the helicity amplitudes and the HQET form factors F 1 and F 2 given in [48, 49] is not correct. They also obtain a polarization of the daughter baryon Λ of P z (Λ) = −9% which is much smaller than what is obtained in the other model calculations.
In Fig. 4 we show a plot of α b over the whole range of accessible q 2 -values. At the kinematical limits q 2 = 0 and [26] . We show this plot in order to demonstrate that it is very unlikely that the asymmetry value reaches a large positive value as in [48, 49] between the above two model independent limiting values. − ) = (4.6 ± 0.6) × 10 −4 for these decays [36] . We employ a notation where we label the scalar time component of the current by the suffix ′′ t ′′ where λ t = 0 in order to distinguish between the (J = 0) and (J = 1) transformation of the two helicity zero cases. We shall again define normalized helicity amplitudes by writing | H λ2 t | 2 = |H λ2 t | 2 /H N where H N is now given by
In this notation the longitudinal polarization of the daughter baryon B 2 is given by
One then has the polar decay distribution
The transverse polarization component P x (B 2 ) does not come into play in these decays.
The Ω −0.16 ps [43] . We shall take the LHCb result for our evaluation of branching rates.
We begin with the decay 1/2 + → 3/2 + 1 − where we concentrate on the decay chains of the daughter baryon 3/2 + → 1/2 + + P and the vector meson V → ℓ + ℓ − . 
In Table XI we list our results on the branching ratio of this decay together with our values for H U 1/2 , H U 3/2 and H L . Latter values determine the polar angle distribution of the subsequent decay
where, as before,
A much smaller value of the branching fraction has been calculated in [29] where the authors predict B(Ω b → Ω − J/ψ) = 4.5 × 10 −5 . The smallness of the branching ratio in the calculation [29] can be traced to the erroneous assumption that the transition form factors in the process fall from q 2 = 0 to q 2 = m 2 J/ψ . We define partial helicity widths in terms of the following bilinear helicity expressions
The B 1 → B 2 V decay width is given by
The two-fold joint angular decay distribution for the cascade decay 1/2
is simplified by the observation that the relevant decays of the daughter baryon with B 2 (3/2 + ) → B 3 (1/2 + ) 0 − and Ω − → Ξ π, Λ K − are almost purely parity conserving [36] , i.e. for the decay 3/2 + → 1/2 + 0 − one has H λ30 = H −λ30 . This also follows from a simple quark model calculation [52, 53] . The fact that the vector current induced transition 3/2 + → 1/2 + is conserved in the simple quark model can be traced to the approximation that there is no spin interaction between the two light spectator quarks [54] . This means there will be no parity-odd linear cos θ B3 terms in the angular decay distribution.
The two-fold joint polar angle decay distribution can be derived from the master formula
where the summation extends over all possible helicities λ ℓ + , λ ℓ − , λ 2 , λ 3 = ± 1 2 and λ V = 0, ±1. In (53) mm ′ (θ) can be found e.g. in [55] . The vector current leptonic helicity amplitudes for the decay V → ℓ + ℓ − are given by (see [26] )
For the angular decay distribution one obtains
We have again included an overall factor of v = (1 − 4ε) 1/2 from the momentum factor in the decay formula for the decay V → ℓ + ℓ − . As in Eq. (45) we can represent the angular decay distribution in an equivalent form in terms of the second order Legendre polynomials P 2 (x) = (3x 2 − 1)/2 with x = cosθ B3 , cos
. Using the same normalization as in (55) one has
such that the angle dependent parts integrates to zero [16] . Upon integration one has
Next we discuss the decays 1/2 + → 3/2 + 0 − . Similar to the current induced transition 3/2 + → 1/2 + one finds from a naive quark model calculation [53] that the vector current transition < 3/2 + |J V µ |1/2 + > is conserved. The basic mechanism is the same as mentioned in the discussion of the 1/2 + |J V µ |3/2 + transition. The crucial assumption is that there is no spin interaction between the spectator quarks. The conservation of the vector current implies that the helicity amplitudes H V ±λ2,t vanish, i.e. one has H V ±λ2,t = 0. We also find vector current conservation q µ 3/2 + |J V µ |1/2 + = 0 in our more sophisticated CCQM quark model, i.e. one has again H V ±λ2,t = 0. The vector current conservation in the CCQM can be traced to the structure of the interpolating currents of the Ω c and Ω − of Table I .
The rate can be calculated from
where (see Table III ). The baryon-side decay distribution in this decay is identical to that of the longitudinal contribution in Eq. (55), i.e. one has The Cabibbo-suppressed charm baryon decay Λ c → pφ was first observed by the ACCMOR Collaboration in the NA32 experiment at CERN [57] with a branching ratio of B(Λ c → pφ)/B(Λ c → pK − π + ) = 0.04 ± 0.03. Three years later the E687 Collaboration Collaboration at Fermilab reported an upper limit for its branching relative to the mode B(Λ c → pφ)/B(Λ c → pK − K + ) < 0.58 at 90% C.L. [58] . In 1996 the CLEO Collaboration [59] − π + ) = 0.015 ± 0.002 ± 0.002. The good news is that the long-standing problem of the absolute branching ratio of the decay Λ c → pK − π + has been solved by the BELLE [61] and the BES III collaborations [62] . Thus the above branching rate ratios can be converted into absolute branching ratios.
In the present case the information on the polarization of the daughter baryon, the proton, is of no particular interest since the polarization of the proton cannot be probed. The angular decay distribution on the lepton side can be read off from Table I in Ref. [8] 
where θ ℓ is the polar angle of either of the leptons w.r.t. the momentum direction of the φ in the Λ c rest frame. Note that the second cos θ ℓ -dependent term vanishes after integration. The muon mass corrections to the rate term in (60) are quite small as is evident from the expansion v(1 + 2ε) = 1 − 4ε 2 + O(ε 3 ) ≈ 0.998. The muon mass corrections to the cos θ ℓ dependent term, however, are larger and can be seen to amount to v 2 /(1 + 2ε) = 1 − 6ε + O(ε 3 ) ≃ 6 %. We present our results in Tables XII and XIII and compare them with data presented by the Particle Data Group [36] and the predictions of other theoretical approaches [53, 56] , [63] - [35] . We calculate the width of the cascade decay Λ c → p + φ(→ ℓ + ℓ − ) by using the zero width approximation
We take the value of the leptonic decay constant f φ = 226.6 MeV from the e + e − mode calculated in our approach in agreement with data. Using the result Eq. (60) 
to evaluate the muonic mode. As already remarked above, muon mass effects are negligible in the rate as Table XIII shows. Note that we give more stringent upper limits on the branching ratios of these decays compared to the data [36] .
VIII Summary
We have calculated the decay properties of a number of nonleptonic heavy baryon decays. Of the many possible nonleptonic heavy baryon decays we have singled out those decays which proceed solely through factorizing contributions without a possible contamination from W -exchange contributions. Note that we have not included penguin-type operators in our set of operators as, e.g., the penguin operator governing the quark-level transition b → sss that induces the decay Λ b → Λ + φ recently seen by the LHCb Collaboration [85] . We plan to study decays induced by penguin-type operators in the future. For the decays dominated by factorizable contributions we have calculated decay rates, branching ratios and asymmetry parameters associated with the polar angle distributions of their subsequent decay chains. Some of these decays have been seen which has lead to measurements of their life-times and their masses. We have also provided results for decays with prominent branching ratios and signatures which have not been observed up to now. Measuring life-times and masses is only the first step towards a comprehensive analysis of heavy baryon decays which would aim for the determination of branching ratios and asymmetry parameters in angular decay distributions as has e.g. been done in the decay Λ b → Λ J/ψ.
It would be interesting to extend our analysis to all nonleptonic two-body decays of the heavy baryons. Such a calculation would involve also contributions from the W -exchange graphs called color commensurate (C), exchange (E) and bow-tie (B) graphs in [1] . For the decays of the bottom baryon states the authors of [1] derived a hierarchy of strength T ≫ C, E ≫ B from a qualitative SCET analysis. It would be interesting to find out whether the dominance of the factorizing tree graph contribution in the b → c and b → u sector predicted in [1] is borne out by the phenomenology of these decays. In particular, it would be interesting to determine the size of the nonfactorizing contributions to the decays Λ b → Λη(η ′ ). Within the general class of nonleptonic two-body baryon decays one also finds decays which proceed solely by W -exchange diagrams. Among these are the decays in which the transition between the two spectator quarks is forbidden due to the fact that one has a transition between a symmetric and antisymmetric spin-flavor configuration such as in [ The latter bottom baryon decays are predicted to be severely suppressed according to the SCET analysis of [1] . Again, it would be important to find out whether this prediction shows up in the experimental rates.
A last remark concerns the experimental observability of the decays discussed in this paper. The best way to check on the observability of the decays would be to generate MC events according to the described decay chains and to process them through the detector.
